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CHAPTER I 
THE PROBLEM AND RELATED LITERATURE^
THE PROBLEM
Statement of the Problem 
The purpose of this study was to compare the strength 
decrement of selected muscle groups due to carrying pack 
loads on pack carriers of different design during treadmill 
walking on the level and on a grade.
Significance of the Study 
There is disagreement among research personnel as to 
the most efficient means of back-packing. Since back-packing 
is still a method used by the United States Forest Service 
to transport equipment, an objective comparison of the effects 
of using different types of carriers would aid this organi­
zation in the selection of the most suitable equipment for 
this task.
It was realized that field conditions cannot be 
duplicated in the laboratory. However, extraneous variables 
can be kept to a minimum under laboratory conditions, and
This study was completed under a cooperative agree­
ment between the Montana State University Department of 
Health, Physical Education and Athletics and the Missoula 
Equipment Development Center of the United States Forest 
Service, Department of Agriculture.
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this increases the accuracy of any comparison. Knowledge 
gained in this way may later be made applicable to field 
conditions.
Basic Assumptions
The assumption was made that muscles under physical
stress weaken and are then not able to exert as much force
against a resistance. The amount they weaken may serve as
an index of the fatigue incurred while they were under stress 
2Clarke demonstrated the validity of this assumption in a 
study in which subjects exercised their elbow flexor muscles 
on an ergograph with a load resistance equal to three-eighths 
of the elbow flexor strength. The mean loss in strength 
was approximately 3 2 percent immediately after the cessation 
of exercise, and strength recovery was not complete three- 
fourths of an hour later.
The assumption was also made that muscles placed under 
repeated stress would increase in strength and endurance. 
Therefore, muscle groups which were continuously exercised 
by back-packing and strength testing would be stronger and 
have greater endurance at the completion of the study than 
they had at the beginning. Any advantage which might have
H. Harrison Clarke, "Strength Decrement Effects of 
Exhaustive Efforts of the Elbow Flexor Muscles," Archives 
of Physical Medicine and Rehabilitation, 35:560, September, 
1954.
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been gained from this effect was distributed over all of 
the experimental trials by rotating the order in which ex­
perimental conditions were applied to the different subjects.
Definitions
Strength Decrement. The Strength Decrement of a 
muscle group is the difference between the strength measure­
ments taken before and after exercise.
Strength Decrement Index. The Strength Decrement In­
dex is the proportion of pre-exercise strength lost during
3physical exertion.
SDI = X 100
Si = initial strength, measured before exercise.
Sf = final strength, measured after exercise.
SDI = Strength Decrement Index.
Ankle Plantar Flexion. Ankle Plantar Flexion is a 
movement occurring at the ankle joint where the angle between 
the anterior aspect of the tibia and the dorsal aspect of 
the foot increases causing a forward-downward movement of 
the foot.
Hip Flexion. Hip Flexion is a movement occurring at
^H. Harrison Clarke and David H. Clarke, Develop­
mental and Adapted Physical Education (Englewood Cliffs, 
N.J.: Prentice Hall, Inc., 1963), p. 96-
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the hip joint where the angle between the anterior aspect 
of the thigh and the anterior aspect of the trunk becomes 
smaller.
Hip Extension. Hip Extension is a movement occurring 
at the hip joint where the angle between the anterior aspect 
of the thigh and the anterior aspect of the trunk becomes 
larger.
Shoulder Flexion. Shoulder Flexion is a movement 
which results in a decrease in the angle between the anterior 
aspect of the humerus and an imaginary frontal plane ex­
tending through this joint. This involves an upward and 
forward movement of the humerus from the anatomical 
position.
Knee Extension. Knee Extension is a movement occur­
ring at the knee joint where the angle between the anterior 
aspect of the thigh and the anterior aspect of the leg be­
comes smaller.
Knee Flexion. Knee Flexion is a movement occurring 
at the knee joint where the angle between the anterior as­
pect of the thigh and the anterior aspect of the leg becomes 
larger.
Trunk Extension. Trunk Extension is a movement at 
the vertebral column that results in an increase in the 
angulation of the anterior aspect of this column. This 
movement bends the trunk posteriorly.
- 5 -
Trunk Flexion. Trunk Flexion is a movement at the
vertebral column that results in a decrease in the angulation
of the anterior aspect of this column. It involves bending
the trunk anteriorly.
Percent of Grade. The Percent of Grade was the
tangent of the angle of inclination at which the treadmill
4was run during the test marches-
Pack Carrier. A Pack Carrier was a specially built 
frame which can be strapped onto an individual's back to en­
able him to carry objects. The pack load is tied to this 
frame.
Load. In this study, the load was considered to be 
the weight of the pack carrier plus the weight of the pack.
Pack Load. The weight of the load minus the weight 
of the pack carrier was considered to be the pack load.
Limitations of the Study
1. Variables not taken into consideration in this 
study were age, weight and height.
2. Gravitational pull was not considered when the 
lower extremities were tested for strength.
The gravitational pull on each extremity would
^Barton A. Thiele, "A Study to Investigate the Strength 
Decrement of Selected Muscle Groups During Treadmill Walking 
at Different Grade Levels While Back-Packing a Prescribed 
Load." (unpublished Master of Science thesis, Montana State 
University, Missoula), pp. 2-4.
— 6 —
vary only slightly with changes in body weight 
that might have occurred during the testing 
period. Consequently, the effect would be 
negligible.
3. Although there are many muscle groups involved 
in supporting a back-pack while walking, the 
ankle plantar flexors, hip flexors, hip exten­
sors, shoulder flexors, knee extensors, knee 
flexors, trunk extensors and trunk flexors were 
the only muscle groups to be tested for strength 
decrement. These were the only ones which were 
shown to have statistically significant decrements 
in Clarke's^ work.
4. The eight muscle groups were tested only on the 
left side of the body. This is the accepted pro­
cedure for "paired" anthropometric measures 
according to the general principles adopted by 
the International Congress of Prehistoric Anthro­
pology and Archeology in 1912
^H. Harrison Clarke, "Strength Decrements from Carry­
ing Various Army Packs on Military Marches," Research 
Quarterly, 26: 257-260, October, 1955.
^Ales Hrdlicka, Anthropometry (Philadephia: The
Wistar Institute of Anatomy and Biology, 1920), pp. 25- 
27.
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Review of Related Literature
Clarke^ conducted a study to determine the strength 
decrement of muscles while carrying Army packs. Thirty 
Springfield College male students majoring in physical edu­
cation served as subjects. They carried the Quartermaster 
experimental pack, the combat pack, and the rucksack on 
their backs in different positions and with different 
weights. The subjects walked at the rate of two and one- 
half miles every 50 minutes for seven and one-half miles 
over moderately rough and hilly terrain.
The muscle groups tested were those which were felt 
to be: (1) under direct stress in supporting the packs,
(2) involved in stabilizing the body in relation to the 
pack, (3) primarily activated in marching, and (4) af­
fected by interference with circulation due to pressure 
from pack straps. The muscle groups showing the greatest 
strength losses for the nine marches in the two series 
were: (1) trunk extensors in eight marches, (2) hip ex­
tensors in seven marches, and (3) knee flexors in six 
marches. The ankle plantar flexors were tested only for 
the first six marches, but they showed significant strength 
decrements in every test. The trunk flexors and the hip 
flexors showed significant strength losses in five marches
^Clarke, op. cit., pp. 253-265.
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while the shoulder flexors and knee extensors showed such 
strength losses in only four marches. The conclusions from 
this study were: (1) military marches with the 41 pound
Quartermaster experimental pack with most of the weight lo­
cated around the waist resulted in the least muscular 
fatigue, (2) conditioned subjects experienced much less 
strength loss than did unconditioned subjects, and (3) the 
physical condition of the subjects improved considerably
as a result of repeated pack carrying marches.
8Clarke conducted another study to determine the 
relationship between the strength loss in pack carrying 
and certain motor-physical fitness criteria. Thirty-two 
college male physical education majors carried a 41 or 61 
pound pack seven and one-half miles at a rate of two and 
one-half miles in 50 minutes. Muscle groups tested were 
the shoulder flexors, trunk flexors, trunk extensors, hip 
flexors, hip extensors, knee flexors, knee extensors, and 
ankle plantar flexors. Muscle groups with the greatest 
strength decrement were the knee flexors and hip extensors. 
The ankle plantar flexors, trunk flexors and knee flexors 
reflected the overall strength loss. Clarke found that 
(1) physical conditioning of subjects definitely took
8H, Harrison Clarke, "Relationship Between Strength 
Loss in Pack Carrying and Certain Motor-Physical Fitness 
Criteria," Research Quarterly, 26: 426-439, December, 1955.
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place over the testing period, (2) strength loss while 
carrying packs on marches was specific to muscle groups, 
and (3) high fitness scores were accompanied by less 
strength loss.
9Winbigler examined the fatiguing effects on the 
muscles of the trunk and lower extremities from a sub- 
maximal run on a treadmill. Seventeen male students 
selected from non-professional physical education classes 
were tested twice for strength. The 14 muscle groups in­
volved were trunk flexors, trunk extensors, hip flexors, 
hip extensors, hip abductors, hip adductors, hip inward 
rotators, hip outward rotators, knee flexors, knee exten­
sors, ankle dorsi flexors, ankle plantar flexors, ankle 
inverters, and ankle everters.
The treadmill was set on the level and run at a 
speed of seven miles per hour. Each subject was pre-tested, 
allowed one minute to adjust to walking on the treadmill 
and then given a ten minute sub—maximal run. The post­
exercise test was given one minute after the end of the 
run. Only the hip outward rotators and the trunk flexors 
had significant strength decrement.
Thomas Duane Winbigler, "Strength Decrement Effects 
on the Muscles of the Trunk and Lower Extremities from Sub- 
Maximal Treadmill Running," (microcarded Master's thesis. 
University of Oregon, Eugene, 1956), pp. 1-31.
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Thiele^^ investigated the strength decrement of 
selected muscle groups during treadmill walking at different 
slopes while back-packing a prescribed load. Ten male sub­
jects walked for 30 minutes with a 62 pound pack on the 
level, at a 5 percent, and at a 10 percent grade. The 
muscle groups tested were the shoulder flexors, trunk 
flexors, trunk extensors, hip flexors, hip extensors, knee 
flexors, and the knee extensors. All muscle groups showed 
significant decrements from the marches. However, only 
the shoulder flexors and knee extensors showed a significant 
increase in decrement when going from one elevation to 
another. This was shown between the decrements at the level 
and 5 percent grades, but not between the decrements at 
the 5 and 10 percent grades.
^^Thiele, o p . cit., pp. 1-29.
CHAPTER II
PROCEDURES
Strength Testing 
Strength testing instruments which are commonly 
used are the spring scale dynamometer, the ergograph, the 
cable tensiometer, and the myometer. The cable tensiometer 
was used in this study since it was available and had been 
shown to be more satisfactory than the other devices. 
Clarke^ made a comparison of the spring scale, the Wakim- 
Porter strain gauge, the cable tensiometer, and the Newman 
myometer. His evaluation of the instruments objectivity 
was based upon the correlation between the results obtained 
by different testers. Reliability of each instrument was 
determined by the correlation between the results recorded 
by the instrument on repetitions of the same tests. The 
cable tensiometer had the greatest precision for strength 
testing as shown by the objectivity coefficients. It was 
the most stable and generally useful of the instruments, 
and was free of most of the faults of the other devices.
Selection of the Subjects 
Ten males were used as subjects. The ten subjects
^H. Harrison Clarke, "Comparison of Instruments for 
Recording Muscle Strength, ’’ Research Quarterly, December, 
1954, pp. 398-411.
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were between 18 and 19 years of age ; 177.5 to 182.5 centi­
meters in height and weighed between 81.2 and 108.4 kilograms 
(Table I). Each subject was given at least two practice 
trials of treadmill walking to familiarize him with all of 
the testing equipment and procedures. A questionnaire 
(Appendix C) was used to record each subject's daily routine 
so that they could duplicate this routine on testing days.
TABLE I
CHARACTERISTICS OF TEST SUBJECTS
Subjects Height Centimeters Weight Kilograms Age Years
T. Be. 177.5 81.6 18
T. Bi. 182.5 91.2 18
D . D u . 181.3 81.2 18
R . G a . 182.5 90.3 18
W. Hi. 177.5 82.1 19
J. Li. 176.3 85 .3 19
D . M o . 180.0 83 .0 18
R. R e . 182.5 89.9 18
J . Sa. 182.5 90.3 18
G. Tr. 177.5 108.4 19
MEAN 180.01 88.32 18.3
— 13 -
Selection of Muscle Groups Tested
Muscle groups were selected for testing on the basis 
2of Clarke's findings on strength decrement from carrying 
Army packs (refer to page 7 in Related Literature). These 
were the ankle plantar flexors, hip flexors, hip extensors, 
shoulder flexors, knee extensors, knee flexors, trunk ex­
tensors, and trunk flexors.
Selection of Speed and Grade
3Erickson found that subjects attained optimum ef­
ficiency while walking on a motor driven treadmill at speeds 
ranging from three to three and one-half miles per hour.
On the basis of these findings, a walking speed of three 
miles per hour was selected. This provided a reasonable 
pace in relation to the marching time, but still demanded 
considerable effort on the part of the subjects.
4Thiele found a statistically significant strength 
decrement for back-packing with Pack Carrier I at three
9H. Harrison Clarke, "Strength Decrements from Carry­
ing Various Army Packs on Military Marches," Research 
Quarterly, 26: 257-260, October, 1955.
^Lester Erickson, "The Energy Cost of Horizontal and 
Grade Walking on the Motor Driven Treadmill," American 
Journal of Physiology, January, 1946, p. 3 96.
^Barton A. Thiele, "A Study to Investigate the Strength 
Decrement of Selected Muscle Groups During Treadmill Walking 
at Different Grade Levels While Back-Packing a Prescribed Load." 
(unpublished Master of Science thesis, Montana State Univer­
sity, Missoula), pp. 25-26.
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grades; level, 5 percent and 10 percent. In five of the 
seven muscle groups, there were no significant differences 
between the decrement at each of the three grades. The 
knee extensors and shoulder flexors showed significant dif­
ferences between back-packing on the level and up a 5 per­
cent grade, and between the level and the 10 percent grade. 
However, they did not show a significant difference between 
decrements at the 5 percent and 10 percent grades. Since 
there was a possibility of a significant difference between 
the strength decrements from back-packing on the level and 
on a grade, the level and the 5 percent grade were selected 
for this study.
Description of the Strength Tests
On the pre-tests, each subject was given two opportuni­
ties to give his best performance. The better of the two 
scores was used for computing the strength decrement. Since 
the subjects were trained in taking the strength tests, it 
was felt that the higher score would be due to a superior 
effort rather than to some extraneous movements which would 
bring secondary muscle groups into play. Only a single 
trial was given on the post-test since it was felt desir­
able to limit the recovery time of each muscle group as much 
as possible. It took between three and seven minutes to 
administer both the pre-test and the post-test.
The methods used to find the strength decrement of
- 15 -
the eight muscle groups were those described by Clarke .̂
The exact procedures used for giving each test are presented 
in Appendix A.
Equipment Used for Cable Tension Strength Testing
Clarke^ prescribed certain equipment that was to be 
used in conjunction with the cable tensiometer.
The Testing Table. A testing table, 78 inches long, 
was used to retain the subject in the correct position for 
each test. A slit 20 inches long and seven inches wide was 
cut lengthwise in the center of the table top, ten inches 
from one end. This was to permit the attachment of the 
pulling assembly directly below the subject for the trunk 
and hip tests. A drawing of the testing table is presented 
in Figure 2 (page 19).
Pulling Assemblies. A number of straps and pulling 
assemblies were needed for giving the cable tension strength 
tests. Various lengths of three-thirty second inch extra 
flexible cable were welded to link chains about three feet 
long. These were used to connect the subject to the table 
hooks against which he pulled. The regulation strap was made
H. Harrison Clarke and David H. Clarke, Develop­
mental and Adapted Physical Education (Englewood Cliffs, 
N.J.: Prentice Hall, Inc., 1963), pp. 82-95.
6Ibid., pp. 73-79.
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of web belting of various lengths stitched firmly around 
a D-ring. The trunk strap consisted of two pieces of belting 
(5 inches by 30 inches and 2 inches by 30 inches) riveted 
together. These assemblies are illustrated in Figure 1.
Hooks. Open-eyed hooks were screwed into the table 
for the attachment of the pulling assemblies. These hooks 
were strong enough to withstand the tension applied by any 
of the subjects.
Goniometer. A goniometer was used to measure the
7joint angles which Clarke specified for the various tests. 
This instrument consisted of a 180 degree protractor made 
from plexiglass with two attached arms which were 15 inches 
long. One of these arms was stationary and extended along 
the zero line while the other was movable permitting its 
rotation to the angle that was to be measured.
Pulley System for Measuring Ankle Plantar Flexion 
The muscle groups which cause the ankle plantar flexion move­
ment are very strong and a tensiometer calibrated for pulls 
of over 400 pounds was needed. Since such a tensiometer was 
not available, a pulley and lever arrangement was constructed 
which reduced the pull one-third at the point of measure­
ment. This arrangement is shown in Figure 2. A two inch 
pulley wheel set inside a frame was bolted onto the table
^H. Harrison Clarke, Cable-Tension Strength Tests 
(Springfield: Stuart E. Murphy, 1953), p. 6.
-17-
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A.
B.
Figure 1. Pulling Assemblies. A, chain and snap;
B^ regulation strap; C, trunk strap.
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(A in Figure 2). This was used to change the direction of 
pull to a free swinging lever which was located 18 inches 
below (B). The cable tension was measured on a cable which 
was attached six inches from where the lever was connected 
(C), giving a three to two ratio between actual and measured 
tension. The measured value was then converted to the 
actual value by the formula:
Actual Value = 3 x measured value
Training of Tester
The tester was trained in cable tensiometer testing 
methods before the data was collected. The procedure in­
cluded the following:
1. A group of randomly selected subjects was tested 
and retested until the tester became proficient 
in testing all eight muscle groups,
2. The subjects who were to be used in the study 
were then tested in the same manner. Coefficients 
of correlation were then computed between the 
first test and the retest. Practice trials were 
carried on until coefficients of .90 were con-
Qsistently attained. This was, according to Clarke ;
8Ibid. , p . 11.
#@ooocKxx33oOooOoOOoaooOOooOoocoooa "̂CZE"I A.
I  -
D.
VD
I
Figure 2. Pulley System for Measuring Ankle Plantar Flexion.
A, Two inch pulley wheel set inside a frame;
B, Free swinging lever giving a three to two ratio;
C, Point at which the cable tension was measured;
D, Testing table.
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an adequate level of objectivity for these tests. 
This procedure not only helped the tester become 
proficient, but also served to acquaint the sub­
jects with the testing procedure.
Treadmill
The walking surface of the treadmill was a continuous 
belt eight feet long and three feet wide. It was made of 
Goodyear wedge grip rubber and revolved on two 8.5 inch 
end rollers with forty-two 1.9 inch bed rollers between 
them. The smaller rollers furnished support for the walking 
surface.
The speed and elevation of the treadmill were manually 
controlled. The speed was held constant at three miles per 
hour. The angle of inclination was set by a hand-cranked 
winch located at the front of the machine. A dial located 
on the side of the treadmill indicated the percent of 
grade.
Pack Carriers
Pack carriers are designed so that an individual 
can carry a heavy load on his back. The standard procedure 
has been for the person to carry the weight of the load 
high upon the back. The pack frame is attached to him by 
straps going over the shoulders and under the arms. Re­
cently it has been suggested that the pelvis is better
- 21 -
9suited to support the load. The pack frame tested in this 
study included two traditional types of frames and a new 
type which was designed to place the weight of the load 
upon the pelvis. The load carried in this study was 72 
pounds. This included the weight of the pack frame as well 
as the weight of the pack.
Pack Carrier I (Figures 1 and 4) was a pack frame 
of the traditional type. This pack frame was of the type 
most commonly used by the Armed Forces and the United States 
Forest Service. Carrier I was constructed so that the pack 
was first tied to a hard fibrous frame. This frame was 
then attached to a man with two web straps which passed 
over the shoulders and under the arms. The fibrous frame 
rested on the man via a tight canvas sheet which distributed 
the load evenly and high on the back over the space between 
the shoulders.
Pack Carrier II (Figures 2 and 4) was similar to 
Carrier I with two exceptions: (1) the frame was made of
fiber-glass material, and (2) the lower attachments of the 
shoulder straps to the pack frame were slightly higher on 
the frame. The load was distributed evenly and high on the 
man's back over the space between the shoulders.
^C.H. Kenerson, "Hip Pack," Director of Marketing, 
Bell Aerosystems Company, Division of Bell Aerospace Corpora­
tion, Buffalo, New York, 1963.
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Pack Carrier III (Figures 3 and 4) was originally 
designed to provide supports for a rocket mechanism which 
enables military men to clear obstacles and obstructions 
which are too high or wide to be cleared by conventional 
means. When this carrier was properly worn, the weight of 
the load was centered entirely upon the pelvis. This 
carrier could be adjusted to fit the body contour of each 
individual in terms of shoulder width, vertical distance 
between the shoulders and the pelvic girdle, and the pel­
vic width.
Testing Sequence
Each subject walked once at each of the two levels 
while wearing each of the three pack carriers with a pack 
load.
In the study on strength decrement from marching with
Army packs, Clarke^^ found a conditioning effect set in as
the subjects made repeated experimental marches. This
effect was countered in this study by assigning the subjects
to experimental trials according to a table of random 
11numbers. The sequences of grade walking were determined
^^Clarke, pp. cit., p. 265.
Dixon and F.J. Massey, Jr., Introduction to 
Statistical Analysis (New York: McGraw-Hill Book Company, 
Inc., 1957), pp. 366-370.
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Figure 3. Pack Carrier I. A, fibrous frame; 
3, web strap; C, pack.
— 24-
Figure 4. Pack Carrier II. A, fiber-glass frame; B, lower attachments of 
shoulder straps.
-25-
à
Figure 5. Pack Carrier III. A, support of pack 
load on pelvis; B^ shoulder attachments; 
C, frame on which to attach pack.
— 2 6 —
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3
far/
Figure 6. Pack Carriers I, II, III (left to right). 
A, fibrous frame; B, web shoulder strap 
C, canvas sheet; D, fiber-glass frame;
E, shoulder straps; F, adjustments for 
shoulder width; G, adjustments for height;
H, adjustments for pelvic width
I, pelvic strap; J, shoulder strap.
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by letting the even numbers represent walking on the level 
and the odd numbers represent walking on a 5 percent grade. 
The sequence in which each pack carrier was used was deter­
mined by: (1) letting the numbers 1, 2 and 3 represent
Carrier I, (2) letting the numbers 4, 5 and 6 represent 
Carrier II, and (3) letting the numbers 7, 8 and 9 represent 
Carrier III in the table of random numbers. Table II shows 
the sequence combination finally derived for each subject.
TABLE II
TESTING SEQUENCE OF GRADE AND PACK CARRIER
Subjects Test 1 Test 2 Test 3 Test 4 Test 5 Test 1
T. Be. 5&II* O&III 5&I 5&III O&II O&I
T. Bi. 5&I 5&II 5&III O&I O&II O&III
D . D u . 5&II O&I O&III O&II 5&I 5&III
R . G a a O&I 5&III 5&I 5&II O&III O&II
W. Hi. O&I O&II 5&II 5&I O&III 5&III
J. L i . O&I 5&I O&II 5&II O&III 5&III
D. M o . 5&II O&II O&I 5&I 5&III O&III
R. R e . 5&I 5&II O&I O&II 5&III O&III
tl ■ Sa. 5&I O&III O&II 5&II 5&III O&I
G . Tr . 5&II 5&I 5&III O&I O&III O&II
*0 = Level 
5 = 5% Grade 
I = Pack Carrier I 
II = Pack Carrier II 
III = Pack Carrier III
The Study of Energy Expenditure 
Data for a study on the energy expenditure of the 
subjects while back-packing were collected at the same time
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as the data for this study. To satisfy the experimental 
plan of the other study, it was necessary to have the sub­
jects rest for 15 minutes prior to the treadmill walk to 
establish a resting metabolic rate. It was also necessary
for the subjects to wear a facemask for gas collection pur-
12poses for the first 17 minutes of the treadmill walk.
Daily Testing Procedure
Subjects were tested at a specified time of day 
between the hours of 7:00 A.M. and 4:00 P.M. All of the 
testing was completed within a period of four weeks. The 
daily routine was as follows:
1. Prior to each experimental period, the speed of 
the treadmill was checked and the treadmill set 
to the appropriate angle. The pack load was 
reweighed and checked for structural deficiencies, 
and the condition of all testing devices was 
checked. Individual recording sheets were made 
ready (Appendix D ) .
2. The subject reported to the laboratory attired 
in tennis shoes and gym clothes. He immediately 
filled out the questionnaire on which he described
1 2A study "The Energy Expenditure while Back-Packing 
with Carriers of Different Design" was conducted by Dennis 
O. Moller, another investigator who used the same subjects 
at the same time.
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his activities during the 24 hours prior to 
entering the laboratory and the schedule he 
anticipated following during the remainder of 
the day. He then weighed himself and took the 
strength tests, after which he laid down for 15 
minutes while data for the energy expenditure 
study was being taken. The subject then put 
on one of the loads and readied himself for the 
30 minute walk on the treadmill. At the end of 
the walk, he dismounted from the treadmill; the 
pack load was immediately removed, and the post­
exercise tests given.
3. The raw data was placed on individual record
sheets and the strength, strength decrement, and 
Strength Decrement Index computed.
Method of Analysis of Data 
The Strength Decrement Index was calculated from 
the strength losses of the eight selected muscle groups.
The Strength Decrement Index was computed according to the 
formula presented on page 3. These results were then 
analyzed with the simple two way analysis of variance.
CHAPTER III 
ANALYSIS AND DISCUSSION OF RESULTS
Analysis of Results 
The data which were collected from the subjects while 
walking on the treadmill is shown in Appendix B. The mean 
strength decrements, standard deviations and ranges for 
each muscle group while walking on the level are shown in 
Table III. This same information for walking on the 5 per­
cent grade is shown in Table IV.
In many cases, there was an increase in the strength 
of various muscle groups of different subjects between the 
pre-test and post-test. This could be the result of a 
variety of factors. Clarke^, in a study of strength decre­
ment during marching while wearing differnt types of foot­
wear, found a characteristic and significant increment in
2the ankle dorsi flexors. In another study, he found that 
high fitness scores were accompanied by less strength loss.
3Karpovich believes that there are three stages of
H. Harrison Clarke, "Strength Decrements from Wearing 
Various Army Boots and Shoes on Military Marches," Research 
Quarterly, 26: 266-273, October, 1955.
^H. Harrison Clarke, "Relationship Between Strength 
Loss in Pack Carrying and Certain Motor-Physical Fitness 
Criteria," Research Quarterly, 26:426-439, December, 1955.
^P.V. Karpovich, Physiology of Muscular Activity 
(Philadelphia: W.B. Saunders Company, 1959), p. 235.
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TABLE III
STRENGTH DECREMENT OR INCREMENT VALUES 
WHILE WALKING ON THE LEVEL
Muscle Group Pack Range Mean Standard
Deviation
Ankle Plantar I +15 to -143 -47.2 56.3
Flexors II +22 to -120 -31.4 43.6
III +50 to -129 -41.1 53.6
I +80 to - 90 -28.1 24.4
Hip Flexors II +10 to - 83 -28.5 24.5
III + 5 to — 86 -26.6 31.8
I +38 to - 70 -31.0 37.5
Hip Extensors II —29 to — 96 -49.4 34.9
III +45 to - 63 -19.6 32.2
I +11 to - 70 -23.7 23.2
Shoulder Flexors II +20 to - 29 — 3,2 15.6
III — 4 to — 38 -22.8 10.8
I +35 to -133 -27.0 45.6
Knee Extensors II +45 to — 70 -14.5 29.3
III — 0 to — 75 -32.5 22.7
I +58 to — 74 -30.7 35.3
Knee Flexors II +15 to - 60 -22.5 21.5
III +20 to - 46 -11.5 24.5
I +25 to — 40 -11.8 21.4
Trunk Extensors II +51 to - 97 -32.4 39.6
III — 4 to —100 -45 .5 30.2
I + 4 to - 60 -22.3 16.6
Trunk Flexors II +32 to - 60 -15 .4 23.5
III +5 0 to - 46 -11.9 26.8
-32- 
TABLE IV
STRENGTH DECREMENT OR INCREMENT VALUES WHILE 
WALKING ON THE 5 PERCENT GRADE
Muscle Group Pack Range Mean Standard
Deviation
Ankle Plantar I + 60 to -132 -33.1 15 .6
Flexors II + 30 to -187 -5 2.2 62.3
III + 15 to -150 — 66.6 46.3
I + 5 to -126 -48.7 37.9
Hip Flexors II + 45 to —106 -27.7 50.1
III + 5 to — 75 -35.5 27.7
I + 33 to -105 -26.1 42.8
Hip Extensors II +111 to -142 -42.3 64.7
III + 45 to — 66 -26.5 22.2
I + 24 to - 29 - 4.4 19.4
Shoulder Flexors II + 38 to - 45 -16.7 23.6
III + 17 to - 39 -13.1 16.5
I + 35 to - 60 -16.5 32.7
Knee Extensors II + 95 to - 90 -17.6 47.5
III + 20 to - 81 -25 .1 35 .7
I + 21 to - 58 - 8.7 24.4
Knee Flexors II + 17 to -127 -45 .8 42.0
III + 15 to - 70 -31.6 24.0
I + 32 to - 60 -20.5 28.7
Trunk Extensors II — 0 to — 70 -28.0 22.7
III + 11 to - 69 -30.6 24.3
I + 10 to - 57 -23.9 24.2
Trunk Flexors II + 57 to - 58 - 9.7 36.2
III + 64 to - 51 - 3.7 32.8
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long-continued work. During the first stage working power 
gradually increases and, despite a feeling of fatigue, the 
person will become "warmed up". After this the second stage 
begins. During this stage, the output of work remains ap­
proximately stationary at a high level. The subject feels 
that he can continue for a long period of time. Eventually 
the work becomes more difficult and the subject reaches 
the third stage where a decrement in work output is evident.
The recorded increases in strength could be the re­
sult of a combination of these factors. The subjects in 
this study were athletes who had recently been participating 
in college sports. Possibly, in the better trained sub­
jects, certain muscle groups might have reached only the 
second stage of work after 30 minutes of walking. If this 
stage existed as described by Karpovich, the subject should 
then be able to exert more force in the post-exercise test 
than he did in the pre-exercise test.
Statistical Procedure 
The simple two way analysis of variance for a two 
way classification with single observations was used to 
analyze the data. The actual scores referred to previously 
were coded so that all numbers were negative. This simpli­
fied the analysis of the data.
Two Null Hypotheses were tested: (1) there were no
differences among the strength decrements due to carrying
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the packs, and (2) there were no differences between the 
strength decrements from walking on the level and walking 
on the 5 percent grade. A 5 percent level of significance 
was selected as the level at which the Null Hypotheses would 
be rejected. The analysis of variance results are shown 
in Table V.
TABLE V
ANALYSIS OF VARIANCE TABLE 
FOR STRENGTH DECREMENT 
OF MUSCLE GROUPS
Muscle Group Source Sum of 
Squares
Degrees
of
Freedom
Mean
Square
F
Ratio*
Ankle Plantar Columns 22,374 2 11,187.0 .48
Flexors Rows 17,280 1 17,280.0 .74
Remainder 46,805 2 ■23,402.5
Total 86,45 9 5 «
Hip Columns 11,255 2 5,627.5 .98
Flexors Rows 13,728 1 13,728.0 2.39
Remainder 11,482 2 5,741.0
Total 36,465 5
Hip Columns 54,061 2 27,030.5 8.62
Extensors Rows 640 1 640.0 .20
Remainder 6,271 2 3,135.5
Total 60,972 5
Shoulder Columns 5,641 2 2,820.5 .19
Flexors Rows 4,537 1 4,537.0 .31
Remainder 28,924 2 14,462.0
Total 39,103 5
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TABLE V (continued)
Degrees
Muscle Group Source Sum of of Mean F
Squares Freedom Square Ratio*
Knee Columns 15,711 2 7 , 85 5 .5 2.86
Extensors Rows 3,408 1 3,408.0 1.24
Remainder 5,490 2 2,745.0
Total 24,609 5
Knee Columns 24,732 2 12,366.0 .39
Flexors Rows 7,632 1 7,632.0 .24
Remainder 63,913 2 31,956.5
Total 96,277 5
Trunk Columns 49,242 2 24,621.0 3.52
Extensors Rows 1,872 1 1,872.0 .27
Remainder 13,981 2 6,990.5
Total 65,095 5
Trunk Columns 24,001 2 12,000.5 8.27
Flexors Rows 2,521 1 2,521.0 1.74
Remainder 2,901 2 1,450.5
Total 29,423 5
*To be significant at the .05 level of significance 
F ratio of 19.0 would be needed for the columns and 18.5 
for the rows.
Strength Decrement Index Differences 
As previously stated, the Strength Decrement Index 
is the proportion of pre-exercise strength lost due to the 
fatigue developed by physical exertion. In this way, decre­
ments for all muscle groups were equated and could be added 
together to get an indication of the total fatiguing effect
— 3 6—
on all of the muscle groups tested. The simple two way 
analysis of variance was again used to test the difference 
between the effects of grade level and among the types of 
carrier. The Strength Decrement Index values are shown in
Table VI, and the results of the analysis in Table VII.
Discussion of Results 
At no time were any real differences shown between 
the pack carriers in terms of the strength decrements of any 
of the muscle groups tested. The same was true for differ­
ences between walking on the level and on the 5 percent
grade. Consequently, there was no advantage shown for using 
any one of the pack carriers in preference to either of the 
others.
There were 90 strength increments recorded in the 480
4,5 6strength tests given. Clarke ' and Karpovich present
possible explanations for these increments. However, the 
determination of the exact reason these increments occurred 
is beyond the scope of the data available from this experi­
ment .
The subjects were asked to give their subjective 
opinion of the three pack carriers. Eight of the ten subjects
^Clarke, loc. cit. 
^Clarke, loc. cit. 
^Karpovich, loc. cit.
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TABLE VI 
TOTAL STRENGTH DECREMENT INDEX
Pack Pack Pack
Muscle Group Condition Carrier I Carrier II Carrier III
A.P.F. Level 115.36* 77.78 85 .54
H.F. Level 80.97 87 .96 77.93
H.E, Level 143-71 218.92 75 .97
S.F. Level 129.06 22.69 141.66
K.E. Level 85 .71 38.54 92.95
K.F. Level 145.74 113.17 59.83
T.E. Level 55 .13 131.07 179.49
T.F. Level 110.09 82.40 62.96
Total 865.77 772.53 776.33
A.P.F. 5% 80.58 128.04 169.28
H.F. 5% 159.60 89.24 113.11
H.E. 5% 130.76 158.36 104.44
S.F. 5% 35 .89 106.77 84.96
K.E. 5% 51.49 44.65 77.39
K.F. 5% 52 .62 213.13 152.30
T.E. 5% 91.52 142.45 134.84
T.F. 5% 126.36 44.10 1.35
Total 728.82 926.74 837.67
Grand Total 1,594.59 1,699.27 1,614.00
* Numbers are the sums of the decrements for all subjects
A.P.F. - Ankle Plantar Flexors 
H.F. - Hip Flexors
H.E. - Hip Extensors
S.F. - Shoulder Flexors 
K.E. - Knee Extensors
K.F. - Knee Flexors
T.E, - Trunk Extensors
T.F. - Trunk Flexors
— 38”
TABLE VII
ANALYSIS OF VARIANCE TABLE FOR STRENGTH DECREMENT INDEX
SDI* Source Sum of 
Squares
Degrees
of
Freedom
Mean
Square
F
Ratio**
Columns 2,057 2 1,533.5 .14
Rows 2,676 1 2,676.0 .24
Remainder 22,188 2 11,094.0
Total 27,931 5
*SDI ” Strength. Decrement Index
**To be significant at the .05 level of significance 
F ratios of 19.0 would be needed for the columns and 18.5 
for the rows.
selected Pack Carrier III as the best. The subjects liked 
to have the weight off the shoulders, but they did feel 
that it seemed to tire them in the lower back region. One 
subject selected Pack Carrier II as the best, but most of 
the other subjects complained that the shoulder straps by 
which it was attached cut off circulation to the arms. One 
subject was undecided between Pack Carrier I and Pack Car­
rier III.
There were no statistically significant differences 
shown in this study. The subjective opinion of the subjects 
may be informative, but it was not supported by the test 
results.
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Thiele^ found a statistically significant strength 
decrement of the shoulder flexors and the knee extensors 
between walking on the level and on 5 and 10 percent grades. 
In his study, subjects used Pack Carrier I while carrying 
a 62 pound pack load. No similar difference was found in 
this study, even though subjects were carrying a heavier 
load. The two studies produced similar results since in 
neither study was any effect shown on the strength decre­
ment due to grade. Also, the results from the Strength 
Decrement Index showed no differences in relation to the 
overall effect on the muscle groups at the grades tested.
Barton A. Thiele, "A Study to Investigate the Strength 
Decrement of Selected Muscle Groups During Treadmill Walking 
at Different Grade Levels While Back-Packing a Prescribed 
Load." (unpublished Master of Science thesis, Montana State 
University, Missoula), pp. 25-26.
CHAPTER IV
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
The purpose of this study was to compare the strength 
decrements of selected muscle groups from carrying pack 
loads on pack carriers of different design during treadmill 
walking on the level and on a grade.
Ten male students served as subjects for this study. 
Each subject carried the 72 pound load six times during the 
test. Each pack carrier was used twice, once on the level 
and once on a 5 percent grade. The subjects walked on the 
treadmill for 30 minutes with each load at the rate of 
three miles per hour.
Muscle groups which had been shown by Clarke^ to 
yield strength decrements during back-packing on military 
marches were tested. These muscle groups were: ankle plantar 
flexors, hip flexors, hip extensors, shoulder flexors, knee 
extensors, knee flexors, trunk extensors, and trunk flexors. 
The strengths of the muscle groups before the march and after 
the march were measured with a cable tensiometer.
The two Null Hypotheses tested were: (1) there were
^H. Harrison Clarke, "Strength Decrements from Carrying 
Various Army Packs on Military Marches," Research Quarterly, 
26:257-260, October, 1955.
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no differences among the strength decrements due to carrying 
the packs, and (2) there were no differences in the strength 
decrements between walking on the level and walking on the 
5 percent grade. The 5 percent level of significance was 
selected as the point where the two hypotheses would be 
rejected.
To analyze the data, the strength decrements were 
first computed by determining the differences between the 
pre-exercise and post-exercise strength tests. Then, the 
significance of the differences between the decrements due 
to pack and to grade were analyzed by the use of the simple 
two way analysis of variance.
Through the use of the Strength Decrement Index, 
all muscle group decrements were added together to get an 
indication of the total effect on all of the muscle groups 
that had been tested. The differences between the three 
pack carriers and the difference between the level and 5 
percent grade were tested for statistical significance. The 
simple two way analysis of variance was used here also.
No significant differences were found.
Conclusions
The findings from this study revealed no statistically 
significant differences in the strength loss of selected 
muscle groups from using Pack Carrier I, Pack Carrier II 
or Pack Carrier III. There was also no difference between
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the effects of walking on either the level or on the 5 per­
cent grade. This was also true for the total effect on all 
of the muscle groups tested as shown by the total Strength 
Decrement Index. Eight of the ten subjects favored Pack 
Carrier III over the other carriers, but this was not sup­
ported by the experimental findings.
Within the limitations of the methods utilized, no 
pack carrier showed any superiority over the others for 
back-packing either on the level or on a 5 percent grade.
Recommendations
The following recommendations for future work were 
made as a result of the findings of this study and the 
problems which arose in conducting it.
1- Further research should be conducted to deter­
mine the validity of the strength decrement 
tests and their relationship to back-packing.
2. A study should be made in which a pack load is 
carried for varying lengths of time. There 
seems to be no specific research done which 
shows the point at which local muscle fatigue 
becomes a factor in back-packing.
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APPENDIX
APPENDIX A
TESTING METHODS
Ankle Plantar Flexion. The subject was placed in a 
supine position with the legs fully extended and the arms 
folded on the chest. The ankle on the side to be tested 
was placed in 90 degrees flexion and a stirrup strap placed 
just below the metatarsal-phalangeal joint. The pulling 
assembly was then attached to the table above and slightly 
to the left of the subject's head. A brace was made and 
placed against the shoulders which prevented any sliding on 
the part of the subject. The special pulley device des­
cribed on page 16 was used for this test. The assistant 
tester placed his right hand on the subject's knee to pre­
vent flexion at the knee joint and his left hand on the
foot to prevent inversion of eversion. The subject would
extend his foot as strongly as possible against the pulling 
assembly on which the tension was measured. The tensiometer 
reading was recorded on individual data sheets.
Hip Flexion. The subject was placed in a supine
lying position with the hip and knee of the free leg flexed
comfortably with the foot resting flat on the table. The 
arms were folded on the chest. The hip and knee of the 
leg being tested were fully extended over the slit in the 
table. A regulation strap was placed around the lower
-47-
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one-third of the thigh between the knee and hip joint and 
attached to the table hook below via the pulling assembly.
The assistant tester prevented the lifting of the 
shoulder by the subject by bracing against it. He also 
checked that the leg below the strap was free of the table 
when lifting. The subject lifted his entire leg off the 
table by lifting from the hip. The tensiometer reading 
was recorded.
Hip Extension. This test was performed in the same 
manner as Hip Flexion, except that the subject was in a 
prone position with his arms along his sides. The assistant 
tester prevented the lifting of the hips by bracing. He 
also checked that the leg below the strap did not touch the 
table. The subject lifted his entire leg off the table by 
lifting from the hip.
Shoulder Flexion. The subject was placed in a supine 
position with both hips and knees flexed. The subject's 
feet were resting on the table with his free hand resting 
on his chest. The upper arm on the side being tested was 
held close to the side with the shoulder flexed to 90 
degrees and the elbow in 90 degree flexion. The strap 
was placed around the subject's upper arm midway between 
the shoulder and elbow joints. The pulling assembly was 
attached to the hook on a crosspiece beneath the subject's 
arm.
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The assistant tester placed his right hand on the 
subject's left shoulder and his left arm across the sub­
ject's pelvis to prevent him from elevating them when force 
was exerted. The subject then lifted his arm toward the 
ceiling. The assistant tester recorded the tensiometer 
reading.
Knee Extension. The subject was placed in a sitting, 
backward-leaning position with his arms extended to the rear 
and his hands grasping the sides of the table. The legs 
were hanging freely over the end of the table. A regulation 
strap was placed around the subject's leg midway between 
the knee and ankle joint on the side tested. The pulling 
assembly was attached to a hook on the lower part of the 
table so that the knee was in 115 degrees extension.
The assistant tester placed his right arm over the 
subject's waist to prevent raising of the buttocks and his 
left arm between the subject's back and arms to prevent 
flexing of the arms. To exert force, the subject would 
attempt to straighten his leg out to 180 degrees.
Knee Flexion. The subject was placed in a prone 
position, with his head resting on his folded arms. The 
patella was just at the edge of the table with the knee on 
the side tested flexed to 165 degrees. A regulation strap 
was placed around the leg midway between the knee and the 
ankle joint. A folded towel was placed under the subject's
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knee for protection and the chain then attached to a hook 
below the foot end of the table.
The assistant tester laid across the subject's back 
to keep the subject's spine from extending. The subject 
applied as much pressure as he could without lifting his 
stomach off the table.
Trunk Extension. The subject was placed in a prone 
position with both hips extended and adducted to a full 180 
degrees. The subject's knees were fully extended with his 
arms behind his back.
The trunk strap was placed around the subject's 
chest close under the arm pits. The pulling assembly was
placed through the slit in the table top and attached to
the hook beneath.
The assistant tester laid across the subject's thighs 
holding onto the opposite side of the table to prevent the 
hips from lifting when force was exerted. The subject 
hyperextended his trunk and the tensiometer reading was 
recorded.
Trunk Flexion. This test was performed in the same
manner as Trunk Extension except the subject was in a supine
lying position with his arms across his chest. The subject 
flexed his trunk.
APPENDIX B
RAW DATA FOR THE ANKLE PLANTAR FLEXORS
Level Grade 5 Percent Grade
Subiect Pack Pre-Test Post-Test Difference Pre-Test Post-Test Difference
I 348 353 + 5 285 243 - 42
T. Be. II 336 306 - 30 345 336 - 9
III 270 240 - 30 336 291 - 45
I 420 306 -114 385 348 - 37
To Bi. II 390 398 + 8 420 306 -114
III 420 356 — 64 345 213 -132
I 368 330 - 38 300 270 - 30
D. Du. II 390 390 - 0 345 345 - 0
III 465 356 -109 398 374 - 24
I 435 450 + 15 480 398 - 82
Ra Ga. II 450 368 - 82 420 374 - 46
III 405 420 + 15 540 390 -150
I 386 243 -143 300 248 - 52
Wo Hi. II 336 330 - 6 435 248 -187
III 261 311 + 50 356 306 - 50
I 413 405 - 8 374 390 + 16
J e Li. II 413 435 + 22 450 348 -102
III 473 398 - 75 413 345 - 68
I 348 330 - 18 300 360 + 60
Do Mo. II 368 248 -120 291 234 - 57
III 300 261 - 39 336 261 - 75
I 390 405 + 15 413 405 - 8
R. Re. II 450 374 - 76 415 435 + 30
III 450 465 + 15 420 373 - 47
I 450 336 -114 360 336 - 24
Jo Sa. II 360 345 - 15 390 353 - 37
III 390 261 -129 360 270 — 90
I 420 348 - 72 480 348 -132
G. Tr. II 405 390 - 15 450 450 - 0
III 450 405 - 45 405 420 + 15
Iui
APPENDIX B (continued)
RAW DATA FOR THE HIP FLEXORS
Level Grade 5 Percent Grade
Subiect Pack Pre-Test Post-Test Difference Pre-Test Post-Test Difference
I 345 290 - 55 285 265 - 20
T. Be. II 310 320 + 10 265 249 - 16
III 237 230 - 7 315 270 - 45
I 210 185 - 25 290 249 - 41
To Bi. II 204 185 - 19 260 340 + 80
III 290 207 - 83 270 265 - 5
I 280 237 - 43 260 210 - 50
Do Du, II 280 249 - 31 300 270. - 30
III 280 232 - 48 280 224 - 56
I 335 310 - 25 350 350 - 0
R. Ga. II 400 370 - 30 360 310 - 50
III 360 365 + 5 400 350 - 50
I 245 237 — 8 300 174 -126
W. Hio II , 315 310 - 5 310 204 -106 LIII ' 290 245 - 45 340 265 - 75 ^
I 320 290 - 30 350 280 - 70
Jo Li. II 275 270 - 5 280 325 + 45
III 310 224 — 86 300 235 - 65
I 335 245 - 90 330 270 - 60
D. Mo. II 260 270 + 10 245 232 - 13
III 300 280 - 20 290 290 - 0
I 290 265 - 25 275 224 - 51
R . Re, II 310 270 - 40 280 249 - 31
III 370 375 + 5 320 280 - 40
I 370 315 - 55 370 280 — 90
J . Sa. II 345 290 - 45 345 350 + 5
III 335 310 - 25 375 360 - 15
I 300 270 - 30 315 320 + 5
G. Tr. II 315 249 — 66 330 290 - 40
III 300 260 - 40 265 270 + 5
APPENDIX B (Continued)
RAW DATA FOR THE HIP EXTENSORS
Level Grade 5 Percent Grade
Subiect Pack Pre-Test Post-Test Difference Pre-Test Post-Test Difference
I 235 210 - 25 190 156 - 34
T. Be. II 210 15 6 - 54 224 170 - 54
III 180 163 - 18 220 220 - 0
I 162 147 - 15 210 224 + 14T. Bi. II 162 207 + 45 224 160 - 64
III 245 180 - 65 224 185 - 39I 240 210 - 30 174 124 — 50
D . Du, II 224 190 - 34 265 204 - 61
III 165 210 + 45 245 185 - 60
I 235 165 - 70 249 280 + 31
R . Ga. II 265 210 - 55 245 156 ~ 89
III 210 230 + 20 232 194 — 38
I 153 85 — 68 170 118 - 52
W. Hi. II 194 165 - 29 235 130 -105
III 194 160 — 34 210 194 - 16
I 232 270 + 38 204 237 + 33
J. Li. II 240 194 — 46 235 224 - 11
III 270 207 - 63 240 174 — 66
I 230 165 — 65 207 144 - 63
D . Mo. II 160 118 - 42 260 118 -142
III 180 160 - 20 210 15 6 - 54
I 207 204 - 3 142 142 - 0
R. Re. II 185 147 - 38 200 144 - 56
III 260 235 - 25 190 194 + 4
I 290 237 - 53 210 204 - 6
J . Sa. II 270 174 — 96 224 194 - 30
III 232 210 - 22 260 210 - 50
I 210 240 + 30 265 160 -105
G. Tr. II 245 210 - 35 174 285 +111
III 280 240 - 40 224 194 - 30
APPENDIX B (continued)
RAW DATA FOR THE SHOULDER FLEXORS
Subiect Pack
Level Grade 5 Percent Grade
Pre-Test Post-Test Difference Pre-Test Post-Test Difference
T. Be.
I
II
III
160
144
118
153
147
114
- 7 
+ 3
- 4
144
110
130
116
92
135
- 28 
- 18 
+ 5
I 124 114 - 10 118 110 — 8
T. Bi. II 160 165 + 5 162 118 - 44
III 162 135 - 27 153 114 — 39
I 142 120 - 22 147 140 - 7
D. Du. II 160 147 - 13 156 118 — 38
III 150 135 - 15 147 140 - 7
I 190 120 - 70 207 204 - 3
R . Gel. II 232 232 - 0 207 162 - 45
III 185 147 - 38 190 174 - 16
I 112 112 - 0 142 118 - 24
W. Hi. II 140 124 - 16 140 114 - 26
III 120 90 - 30 140 103 - 37
I 142 153 + 11 142 130 - 12
J. Li. II 147 124 - 23 150 130 - 20
III 140 118 - 22 162 142 - 20
I 120 103 - 17 147 118 - 29
D . Mo. II 114 118 + 4 114 103 - 11
III 124 114 - 10 135 120 - 15
I 220 185 - 35 162 185 + 23
R. Re. II 204 224 + 20 207 204 - 3
III 200 185 - 15 224 210 - 14
I 210 162 — 48 180 204 + 24
J • Sa. II 194 165 - 29 174 174 - 0
III 185 15 3 - 32 190 207 + 17
I 204 165 - 39 142 162 + 20
G. Tr. II 190 207 + 17 147 185 + 38
III 200 165 - 35 170 165 - 5
I
Ü14̂
I
APPENDIX B (continued)
RAW DATA FOR THE KNEE EXTENSORS
Level Grade 5 Percent Grade
Subiect Pack Pre-Test Post-Test Difference Pre-Test Post-Test Difference
I 370 365 - 5 330 285 - 45
T. Be. II 370 365 - 5 330 285 - 45
III 310 275 - 35 315 330 + 15
I 232 165 - 67 207 232 - 25
T. Bi, II 280 290 + 10 290 280 - 10
III 224 224 - 0 260 185 - 75
I 360 325 - 35 280 315 + 35
D. Du. II 310 290 - 20 270 365 + 95
III 365 290 - 75 330 249 - 81
I 325 340 + 15 390 360 - 30
R . Ge.. II 270 315 + 45 300 249 - 51
III 280 270 - 10 315 315 - 0
I 340 207 -133 350 325 - 25
W. Hi. II 360 350 - 10 375 285 - 90
III 370 310 - 60 400 365 - 35
I 365 310 - 55 360 365 + 5
J. Li. II 370 340 — 30 360 330 - 30
III 365 340 - 25 360 325 - 35
I 290 280 - 10 310 370 + 60
D. Mo. II 330 290 - 40 265 245 - 20
III 315 270 - 45 330 300 — 30
I 325 320 - 5 330 330 - 0
R. Re, II 330 260 — 70 345 310 - 35
III 390 345 - 45 330 350 + 20
I 350 340 - 10 400 400 - 0
J . S 3. • II 370 345 - 25 370 350 - 20
III 375 365 - 10 370 320 - 50
I 300 335 + 35 365 345 - 20
G. Tr. II 365 365 - 0 310 340 + 30
III 335 315 - 20 320 340 + 20
ILn
APPENDIX B (continued)
RAW DATA FOR THE KNEE FLEXORS
Subiect Pack
Level Grade 5 Percent Grade
Pre-Test Post-Test Difference Pre-Test Post-Test Difference
T. Be.
I
II
III
245
245
185
232
224
150
- 13
- 21 
- 35
220
200
232
200
165
174
- 20
- 35
- 58
I 210 142 — 68 170 153 - 17
T. Bi. II 245 185 - 60 224 210 - 14
III 204 210 + 6 194 124 - 70
I 260 224 - 36 232 207 - 25
D. Du. II 265 220 - 45 240 224 - 16
III 204 224 + 20 240 194 - 46
I 230 156 - 74 204 224 + 20
R . Ga.. II 204 174 - 30 160 118 - 42
III 165 135 — 30 232 210 - 22
I 170 135 - 35 165 150 - 15
W. Hi. II 220 224 + 4 235 120 -115
III 170 124 - 46 180 150 - 30
I 210 170 - 40 174 116 - 58
J. Li. II 114 100 - 14 194 150 - 44
III 190 165 - 25 210 160 - 50
I 144 130 - 14 120 97 - 23
D. Mo. II 156 114 - 42 147 95 - 52
III 110 116 + 6 120 112 — 8
I 130 160 - 30 120 135 + 15
R. Re, II 165 147 — 18 150 120 - 30
III 180 194 + 14 204 174 - 30
I 174 232 + 58 249 270 + 21
J ■ Sa. II 224 210 - 14 337 210 -127
III 245 204 - 41 249 232 - 17
I 240 185 - 55 185 200 + 15
G. Tr. II 245 260 + 15 207 224 + 17
III 194 210 + 16 245 260 + 15
IÜ1
I
APPENDIX B (continued)
RAW DATA FOR THE TRUNK EXTENSORS
Subiect Pack
Level Grade 5 Percent Grade
Pre-Test Post-Test Difference Pre-Test Post-Test Difference
T. Be.
I
II
III
232
249
240
207
204
207
- 25
- 45
- 33
235
245
232
204
232
235
- 31
- 13 
+ 3
I 335 340 + 5 245 185 - 60
T. Bi. II 300 249 - 51 280 210 - 70
III 320 245 - 75 350 300 - 50
I 162 135 - 27 230 204 - 26
D. Du. II 207 210 + 3 194 135 - 59
III 174 160 - 14 207 144 - 63
I 210 200 - 10 204 224 + 20
R . Gâ.. II 310 280 - 30 249 249 - 0
III 310 260 - 50 265 230 - 35
I 112 92 - 20 147 112 - 35
W. Hi. II 135 135 - 0 116 90 - 26
III 180 147 - 33 174 150 - 24
I 97 118 + 21 130 120 - 10
J. Li. II 194 97 - 97 194 190 - 4
III 174 170 - 4 210 185 - 25
I 210 174 - 36 156 150 - 6
D. Mo. II 162 130 - 32 142 135 — 7
III 180 160 - 20 165 142 - 23
I 153 142 - 11 185 156 - 29
R . Re. II 210 142 — 68 210 165 - 45
III 185 144 - 41 174 185 + 11
I 240 265 + 25 153 185 + 32
J . Sa. II 156 207 + 51 150 114 - 36
IXI 260 160 —100 204 135 - 69
I 280 240 - 40 270 210 - 60
G. Tr. II 300 245 - 55 290 270 - 20
III 330 245 - 85 280 249 - 31
Im
I
RAW DATA FOR THE TRUNK FLEXORS
Level Grade 5 Percent Grade
Subiect Pack Pre-Test Post-Test Difference Pre-Test Post-Test Difference
I 200 204 + 4 185 150 - 35
T. Be. II 210 174 - 36 190 194 + 4
III 174 162 - 12 220 210 - 10
I 224 207 - 17 204 147 - 57
T. Bi. II 200 232 + 32 280 235 - 43
III 280 237 - 43 275 224 - 51
I 174 144 - 30 165 153 - 12
D. Du. II 194 160 - 34 185 147 - 38
III 153 160 + 7 207 185 - 22
I 185 174 - 11 185 194 + 9
R. Ga. II 185 204 — 19 204 185 — 19
III 224 207 - 17 160 224 + 64
I 160 153 - 7 156 140 - 16
W. Hi. II 15 6 144 - 12 185 153 - 32
III 162 124 - 38 174 150 - 24
I 150 124 - 26 140 95 - 45
J. Li. II 150 140 - 10 200 142 - 58
III 142 142 — 0 153 190 + 37
I 130 116 - 14 114 124 + 10
D. Mo. II 112 103 — 9 114 112 - 2
III 110 103 - 7 110 97 - 13
I 265 232 - 33 207 207 - 0
R. Re. II 260 249 - 11 210 260 + 50
III 270 320 + 50 245 240 - 5
I 245 185 - 60 185 147 - 38
J . Sa. II 207 147 - 60 190 174 - 16
III 220 174 — 46 237 204 - 33
I 210 185 - 25 240 185 - 55
G. Tr. II 232 237 + 5 180 237 + 57
III 237 224 - 13 204 224 + 20
Icn00
I
APPENDIX C
Questionnaire
NAME Date:Last First
1. Hours of sleep last night
2 . 
3 .
a. State the condition of your sleep: Well ( ) Disturbed ( ) 
Number of hours spent in physical work yesterday ______
Schedule of last night;
a. Dance or party (
b. Preparation for an exam. (
c . Homework (
d. Reading (
e. Otherwise disturbed (
Last meal:
a. Hour you had your last meal
b. Describe what you ate:
1 .
2.
3.
4.
5 . Schedule this morning:
a. Physical work ( )
b. Examination ( )
c. Describe activity the last 2 hours prior to coming 
to lab:
Schedule after the experiment:
a. Will you have an examination? ( )
b. Will you have other worries? ( ) Describe
How do you feel at the present?
a. Ready for the experiment
b. Not ready for the experiment
c. Worried
d. Feeling pain
( )
( )
( )
( ) Where
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PERSONAL COMMENTS ON THE TRIAL
